Various workers have described the use of oxalyldihydrazide and acetaldehyde for the colorimetric determination of microgram quantities of biological copper. In 1956 Gran showed that in aqueous ammoniacal solution these reagents gave an intense blue-red colour with cupric ion, with a relative light absorption about three times that of the copperdiethyldithiocarbamate complex in organic solvents. Since then oxalyldihydrazide and acetaldehyde have been used, for example, in investigations of sea water (Bowles and Nicks, 1961) , enzymes (Stark and Dawson, 1958) , and serum (Summers, 1960) . The sensitivities of the various methods described differ, the maximal molar extinction coefficients of the coloured complex ranging from 22,000 to 29,500, with great variation in the recommended time for colour development (20 minutes to 18 hours).
In this publication we present methods which were established for clinical purposes and which apply to any biological material, in particular, serum, urine, and such tissues as liver, kidney, and brain. We have worked out conditions for maximum sensitivity and for colour development under simplified and reproducible conditions. The methods are considered suitable for routine or occasional application in the average clinical laboratory.
REAGENTS AND APPARATUS
All reagents consist of, or are made from, best quality For the copper standards take 0-2 ml. and 0-4 ml. of the 5 ,ug./ml. working standard and dilute each to 1 ml. with water. Then proceed as for serum, but omitting centrifugation; take a 2 ml. portion as for serum. Make a blank by using 1 ml. of water in place of 1 ml. of serum and then proceed as for the standard or the serum.
Colorimeter readings are made against the blank at 542 mz or with an appropriate filter such as the Ilford 625, yellow-green. The calculation or the serum level is obvious.
METHOD FOR URINE
PRELIMINARY SEMI-QUANTITATIVE SCREENING To 10 ml.
of slightly acid urine add 1 ml. of concentrated hydrochloric acid, and after 10 minutes at room temperature add 0 3 ml. of 1% oxalyldihydrazide, 0 5 ml. of 40% acetaldehyde, and 2 ml. of ammonia buffer. Make up a blank as for the test but omit the addition of oxalyldihydrazide. For an internal standard add 4 pg. copper to 10 ml. of urine, and then proceed as before. Incubate all tubes at 60°C. for 11 minutes. Cool, centrifuge or filter, and observe the colours.
Normal urines show no visible increase over that in the blank. In Wilson's disease, particularly in untreated cases, marked colour is evident in the test and the amount of copper may be estimated semi-quantitatively by means of the intemal standard. In nephrosis or cirrhosis of the liver some increase may be seen.
QUANTITATIVE ANALYSIS For analysis of a normal urine 30 ml. is required. In cases of Wilson's disease, cirrhosis of the liver, or nephrosis, 10 ml. of urine is usually sufficient. In either case, evaporate the urine to low bulk with 0-5 ml. concentrated nitric acid in a 100 to 200 ml. round-bottomed, long-necked flask of good quality borosilicate glass. Use a glass bead to prevent bumping and heat until all the liquid has evaporated and only a partly charred mass remains. Allow the flask to cool somewhat, then for 30 ml. urine add in order, 2 ml. of concentrated nitric acid, 0-6 ml. of concentrated sulphuric acid, and finally 0-4 ml. of perchloric acid. For 10 ml. of urine, use half these quantities.
Next heat moderately until the bulk of the nitric acid has disappeared, and then fairly strongly until the charred iesidue is oxidized. It is seldom necessary to add more nitric acid and perchloric acids. Continue heating until the bulk of the nitric and chlorine oxides have disappeared but not so strongly that the sulphuric acid is lost as sulphur trioxide. Then allow the flask to cool, and rotate it so that the bead does not become enmeshed eventually in a solid lump of the clear phosphate-sulphate glass. Practically all ashings proceed quickly and smoothly. Next add 4-5 ml. water down the walls of the flask and warm it to dissolve as much residue as possible. Cool and add 3 ml. ammonia-ammonium chloride. The solution should then be strongly alkaline. Add 0 3 ml. of oxalyldihydrazide reagent and 0-5 ml. of acetaldehyde reagent, mixing after each addition. Put the flask in a 60°C. water bath for 11 minutes and then cool in running water. If preferred, the contents of the flasks may be transferred to copper-free test-tubes for incubation. Centrifuge or filter the contents to remove phosphates and other insoluble substances.
Prepare two blanks. For a 'method' blank evaporate appropriate amounts of nitric, sulphuric, and perchloric acids to low bulk and then continue as for the ashed urine, and for a 'standard' blank take 0-5 ml. of concentrated sulphuric acid and then proceed as for the ashed urine. Prepare a standard by measuring into a tube 0-8 ml. of dilute copper reagent (4 tLg. Cu), 0 5 ml. of concentrated sulphuric acid, and 3-7 ml. of water, and then proceed as for the aqueous solution of the ashed urine. Read the tests and standard, all in duplicate preferably, against their appropriate blanks as for the determination of serum copper.
EXPERIMENTAL PREPARATION OF SPECIMENS FOR CHELATE FORMATION
There is no difficulty in obtaining ionic copper from serum, since Gubler, Lahey, Ashenbrucker, Cartwright, and Wintrobe (1952) showed that merely standing the serum at room temperature with suitable acids will liberate all the copper. Heating was contraindicated.
Liberation of copper from urine components proved a more difficult matter. We made numerous attempts to extract the copper with dithizone or oxine using a variety of solvents and different pH values. Recoveries of added copper were invariably poor. Total wet ashing using a highly oxidizing medium as described under 'Method' was eventually found to be quite satisfactory. Smooth Gubler et al. (1952) showed that recoveries of copper from plasma by acid extraction and precipitation were excellent, in fact slightly better by 30% than those obtained by wet ashing. We have assumed, therefore, that for serum the same findings would hold. On the other hand, information on recoveries from urine seems on less sure grounds. Consequently, we investigated urines from three normal men and from one man with Wilson's disease (Table I) . Varley (1958) that normal values have been tending towards lower levels as methodology has improved. One of the normal men referred to above was also investigated for possible variation in his copper excretion over a 24-hour period (Table II) . Considerable fluctuations were evident, the rate of output for the overnight period being about three times that of the afternoon to evening period, with other rates 
